Fetal gene therapy may prove useful in treating diseases electively killed and 13 died in utero. The incidence of morthat manifest in the perinatal or early postnatal period.
Introduction
First generation replication-deficient recombinant adenovirus vectors have been used to transfer gene expression to a wide variety of cell types in a number of species at distinct developmental stages. [1] [2] [3] [4] [5] [6] Gene expression is transient and appears to be limited by host inflammatory and immune responses to adenoviral proteins. 2, 4, [7] [8] [9] [10] Adenovirus-mediated gene transfer and expression are more effective when the ability of the recipient's immune system to respond to vector administration is suppressed. Thus, when first generation adenovirus vectors are administered with dexamethasone, cyclosporin or interleukin inhibitors or to immunodeficient mice, gene expression outlasts that produced by adenovirus vectors administered alone to immunocompetent animals. 8, 9 An alternative approach is to initiate gene therapy before immune recognition and inflammatory responses have matured. In the newborn mouse, in which immune recognition mechanisms have not fully developed, 11 adenovirus-mediated gene expression is prolonged compared to that in the adult mouse. 12, 13 Initiating gene therapy in humans during the neonatal period may not be as effective because the immune system becomes responsive by midgestation. 14 initiated before 16-20 weeks of gestation or if the recipient is immunocompromised. 15, 16 It is not known whether adenovirus-mediated gene therapy initiated before immune development in species other than the mouse can result in prolonged gene expression.
The purpose of this study was to test the hypothesis that exposure of fetal sheep to a first generation adenovirus (Av1) vector (deleted in the E1 and E3 regions) before the development of the immune system, is safe, minimizes inflammatory and immune responses and prolongs gene expression due to the induction of tolerance. Sheep were used in this study because the immune system in the sheep, like that in the human, becomes responsive by midgestation. 17 We and others have previously shown that intratracheal administration of an Av1 vector results in gene transfer and expression in the fetal lung, but also stimulates an inflammatory response, characterized by a dramatic increase in the number of lymphocytes and macrophages in lung fluid, in CD4
+ and CD8 + cells in lung tissue and the development of fibrotic lesions. 4, 6 To determine whether the inflammatory and immune responses to Av1 could be avoided, we instilled Av1nBg, a vector that transfers expression of bacterial ␤-galactosidase, into the amniotic cavity of fetal sheep at 2-3-week intervals beginning at 0.35-0.45 term gestation. At 0.72-0.79 term gestation, a challenging dose of Av1nBg was instilled into the fetal trachea. Lung fluid and tissue were examined for inflammatory cells and fibrotic lesions, and serum was assayed for the presence of neutralizing antibody.
Results
Overview Twenty-two fetal sheep were studied in four groups; 13 of these died in utero. The purpose of the first study was to determine whether repeated injection of Av1nBg into the amniotic cavity of anesthetized ewes under ultrasound guidance could transfer gene expression to the fetus for a prolonged period of time. Fifty percent of the fetuses died in utero (Figure 1a) , possibly related to the virus administration or repeated anesthesia and injection procedures. The second study was designed to avoid the repeated anesthesia and injection procedures. Av1nBg was administered into the amniotic cavity via a chronically implanted subcutaneous port located in the ewe's flank. Seventy-five percent of these fetuses died in utero (Figure 1b ), indicating that virus administration adversely affected the fetuses. The third group of fetuses were exposed to a single dose of Av1nBg, electively killed 1-62 days after virus administration ( Figure 1c ) and examined to determine whether the mechanism of fetal demise could be detected histologically. In the fourth group, replication-deficient adenovirus that lacked an expression cassette, Av1Null, was administered to determine whether the high degree of mortality was related to the Av1nBg vector used in the first three studies. All of the fetuses in this group died in utero indicating that the gene product, bacterial ␤-galactosidase, was not primarily responsible for the high degree of mortality in the other groups.
Two fetuses in group 1 delivered spontaneously at term gestation (Figure 1a ). Fetus 1 was born at 145 days of age with respiratory distress. It did not feed well, developed pneumonia and died 1 day after birth. Fetus 3 delivered vaginally at 148 days of age and survived until elective death was performed 72 days later. This lamb had mild pneumonia and was treated with antibiotics (gentamicin and chloramphenicol) for 3 days. Seven fetuses (group 3, Figure 1c ) were electively killed 1-20 days after Av1nBg administration. Ten fetuses died in utero after one to three doses of Av1nBg (Figure 1 ). Death occurred 11-56 days after the initial dose and 4-8 days after the final dose, when administered. This incidence of intrauterine death is much greater than the 3-5% incidence we encountered in concurrent fetal preparations not exposed to adenovirus vectors. Most of the animals that had a Hickman port implanted subcutaneously in the ewe's flank connected to a catheter in the amniotic fluid cavity (group 2) died in utero (5A and B, 6, 7A, and 8A and B). Two of these fetuses (5A and B) were infected and filamentous bacteria were found in the lung. Four of these fetuses (6, 7A, 8A and 8B) aborted, and it was not possible to salvage fetal tissue for analysis. Fetus 2 (group 1) also died in utero and aborted before tissue could be obtained for analysis. Tissues from fetus 7B were obtained while the ewe was in labor. This fetus was apparently dead before labor was initiated on day 150 of gestation. In this fetus, there was evidence of bacterial infection on autopsy, most likely related to placental complications secondary to intrauterine fetal death. The remaining two fetuses that died in utero, 4 and 12A, had indwelling catheters when they died. Fetal arterial pH and blood gases were within the normal range in both fetuses up to the day they died (average values: arterial pH, 7.32; PCO 2 58 torr; PO 2 22 torr; hemoglobin concentration, 9.5 g/dl; blood saturation, 62.2%). These fetuses remained in utero because their twin remained alive, so it was not possible to determine the exact cause of death. Intrauterine infection was not likely to have been the cause because it usually stimulates premature delivery. The cause of death may have been related to intratracheal administration of Av1nBg, catheter placement that occurred a few days before fetal death or possibly related to multiple doses of saline. All three fetuses that received Av1Null died in utero or were aborted sometime during the 6 weeks following virus administration. It does not appear that the cause of fetal deaths was due to the proliferation of wild-type virus. Samples of fetal and maternal blood, fetal skin, lung, liver muscle and amniotic fluid were assayed for the presence of wild-type adenovirus. In no sample was actively proliferating virus measured.
Av1nBg transferred gene expression to fetal membranes. Biopsies of amniotic membranes obtained intraoperatively or after death (from fetuses 1, 3, 4, 9A and B, 10A and B, 11A and B) contained blue nuclei indicative of bacterial ␤-galactosidase activity directed by Av1nBg. Skin biopsies obtained intraoperatively did not stain blue but represented a minute portion of the total skin surface area. Blue cells were present in all lobes of the lung 7 days after adenovirus administration (fetus 12B) but not after 42-55 days (fetus 7B and lamb 3).
Lung fluid samples were obtained from five fetuses (1, 3, 4, 7B and 12B) before and after intratracheal instillation of Av1nBg at 104-114 days. The total number of cells in lung fluid increased dramatically over baseline within 3 days and decreased to baseline by 5-6 days after intratracheal instillation ( Figure 2 ). Lymphocytes were the predominant cell type present in lung fluid after adenovirus administration; their abundance peaked at 3-5 days. Neutrophils began to appear in lung fluid at 6-8 days; their abundance peaked at 17-23 days.
Several samples of lung tissue were examined histologically. Lung tissue was obtained from lamb 11A 20 days after a single intra-amniotic injection of 1 × 10 10 p.f.u. of Av1nBg (Figure 3a) . The histologic appearance reveals the normal structure of an immature lung with budding airways and mesenchyme. No evidence of inflammation was found in sections obtained from this or other fetuses (9A and B, 10A and B and 11B) treated similarly. The appearance of lung tissue obtained from lamb 12B shows evidence of an inflammatory response characteristic of responses we observed in a previous study (Figure 3b ). 4 Despite exposure to the virus initially at 59 days gestation, subsequent instillation of a second dose into the trachea at 114 days gestation (9 × 10 10 p.f.u. of Av1nBg), was associated with the presence of necrotic cells, monocytes and neutrophils in the luminal exudate. This histological appearance of this lung correlated well with the changes in lung fluid (inverted triangles, Figure 2 ). Lamb 3 showed dramatic changes in histological appearance of the lung (Figure 3c ). The biopsy specimen obtained at 44 days of age showed areas of peribronchial fibrosis and inflammation. Numerous lymphocytes and histiocytes were located in areas of infiltration.
Fetal sheep sera lacked detectable neutralizing adenovirus antibody with two exceptions. Fetus 7B had no detectable titer until 24 days after intratracheal administration of Av1nBg when it was 130 days gestational age.
Figure 1 Experimental design and outcome: three groups of animals were studied. The length of gestation is expressed in days and as a percentage of term gestation. Fetuses (indicated by number on the left) received intraamniotic (IA) and intratracheal injections (IT) of Av1nBg or saline. Doses of Av1nBg ranged from 1 × 10
10 to 1 × 10
u. (abbreviated 1e10-1e11). Polyvinyl vascular and tracheal catheters (catheters) and Hickman catheters (Hickman port) were implanted at the times indicated.
Thereafter, the titer increased from р1:10 to 1:10 at 24-31 days and was 1:40 on the 35th day after Av1nBg administration when the fetus was 141 days' gestation. Lamb 3 had no detectable titer at all times before birth, despite it receiving four doses of adenovirus in utero and the presence of a significant titer (1:2560, 1:5120) in the ewe. When this lamb was retested 2 days after a fifth dose of adenovirus was administered at 17 days of postnatal age, a positive titer (1:640) was detected.
Lamb 3 underwent bronchoscopy at 10, 20 and 35 days of postnatal age at which time BAL and brush biopsy samples were obtained. At these times, none of the cells expressed bacterial ␤-galactosidase. Chest radiographs, obtained at 37, 44 and 58 days, demonstrated increased pulmonary markings consistent with a pattern of interstitial fibrosis. The lung biopsy obtained at 44 days of age showed peribronchial lymphocytic infiltration (Figure 3c ). There was evidence of lymphogranulomas in small airways and areas of fresh infarct and scarring. There was no evidence of pleural scarring in the biopsy specimen. At 58 days of age, arterial blood saturations, assessed by pulse oximeter were 88-90% at rest and 70-75% with exertion, indicating severe respiratory compromise.
Discussion
The purpose of this study was to determine whether first generation adenovirus vectors administered before the immune system matures completely was safe and could modify the inflammatory and immune responses to subsequent administration of the adenovirus vector, Av1nBg, and induce tolerance. Fetal sheep were exposed to Av1nBg several times beginning as early as 0.35 term gestation. Subsequent challenge with intratracheal Av1nBg at 0.7 term gestation elicited an inflammatory response that was similar to that observed in fetuses exposed to a single dose of intratracheal Av1nBg at the same time in gestation. 4 Fibrotic lesions developed following a single or multiple dose of Av1nBg. Furthermore, most of the fetuses failed to survive repeated exposure to the adenovirus vector. These results demonstrated that repeated exposure of fetal sheep to adenovirus vectors beginning at midgestation produces adverse inflammatory and immune responses. There was no evidence that suggested that repeated exposure resulted in tolerance induction and prolonged gene expression.
Adenovirus vectors have been shown to transfer prolonged gene expression in young rodents in a number of studies. Administration of adenovirus vectors into the trachea, skeletal muscle, thoracic cavity or vasculature of neonatal mice or rats results in transgene expression for several weeks or months.
12,13,18-22 Subsequent administration of the adenovirus vectors were tolerated and resulted in robust gene expression in some studies 19, 20, 23 but not others. 18 The relative success of this approach in rodents has been attributed to the relative immaturity of the immune system in the rodent at birth. 11 It is tempting to speculate that gene transfer in neonates of other species including humans might be just as successful. However, immune function in larger species develops before birth. For example, in humans and sheep, the thymus becomes colonized with lymphocytes by 0.25 term, 17, 24 T cell receptors and class I and II MHC antigens are detectable on lymphocytes by 0.4-0.5 term. 25, 26 Fetal sheep tolerate exposure to allogeneic kidney and skin grafts when performed before 55-60 days of gestation (0.4 term gestation) and human fetal liver stem cells up to 66 days of gestation (0.45 term gestation). [27] [28] [29] Specific antibody responses to soluble antigens develop as early as 40 days gestation in the sheep with most responses mature by 120 days. 30, 31 We expected that the immune system of the fetal sheep at 0.35 term gestation was sufficiently immature so that tolerance to adenovirus vectors, as has been shown for liver stem cells, 28 could be induced. However, we observed no evidence that the recombinant adenovirus administered was tolerated. Initiating adenovirus therapy before 0.35 term gestation did not prevent the subsequent development of inflammatory and humoral responses that were similar to those following single exposure to first generation replication-deficit adenovirus vectors. 4, 6 Because immune development in humans follows a similar time course to that in the sheep, we hypothesize that the human fetal response to adenovirus vectors is likely to be more similar to that of the sheep than the mouse.
One possible reason why tolerance was not induced in these studies may be related to the route of administration. Intra-amniotic injection was selected as the route of administration because this approach is feasible and associated with low risk in humans. Additionally, in previous studies we have shown that intra-amniotic administration of the same vector to fetal sheep, mice and rats at 0.8 term gestation transferred gene expression to the fetal trachea and lungs and gastrointestinal tract, as well as to the amniotic membranes. 5, 6, 32 We expected access to the trachea and lungs to be greater at 0.35 term gestation because amniotic fluid is less viscous and the fetal lung secretes less fluid than later in gestation. 33 Because transgene expression in the lung has been shown to persist for at least 13 days following intra-amniotic administration, 32 we expected that administration of adenovirus every 15 days or so would be a reasonable strategy for tolerance induction. However, this approach did not result in tolerance induction, perhaps because an insufficient amount of adenovirus reached the appropriate sites. Other routes of administration might have been more effective. Studies in neonatal mice and rats have demonstrated that priming with an initial intravenous dose of adenovirus vector resulted in tolerance to subsequent administration of the same vector. 19, 23 The intravenous route, which delivers 
Figure 2 Effect of intratracheal instillation of Av1nBg on lung fluid cellularity. The abundance of cells in lung fluid, expressed as the fold-increase over baseline values measured just before Av1nBg administration, increased following intratracheal administration of Av1nBg on day 0. The solid symbols denote the responses of fetuses 4 and 7B which received only an intratracheal injection. The open symbols denote responses of animals 1, 3 and 12B which received one to three intra-amniotic and one intratracheal injection.
the adenovirus directly to fetal tissues, may be a more effective route of administration. Alternatively, injection into the skeletal muscle or thoracic cavity have been successful in young rodents 12, 13, 20, 22 and may be successful in sheep.
Another possible reason why we were unable to induce tolerance in the present study may be related to the dose of adenoviral vector used. We injected 1 × 10 10 -1 × 10 11 p.f.u. in the amniotic cavity of fetal sheep beginning at 0.35 term gestation. Because amniotic fluid volume is about 500 ml at this stage in gestation, the final concentration was around 2 × 10 7 -2 × 10 8 p.f.u./ml. Administration of a higher concentration of adenovirus has been shown to transfer gene expression and to induce tolerance. Injection of 1 × 10 8 -1 × 10 9 p.f.u. of adenovirus into skeletal muscle of newborn mice results in prolonged gene expression. 12, 21, 22 Injection of similar amounts of adenovirus into the thoracic cavity or abdomen or vasculature of newborn rats or mice is sufficient to induce tolerance, prolong gene expression and reduce inflammatory and immune responses to subsequent exposure. 19, 20, 23 Interestingly, injection of a higher dose (1 × 10 10 p.f.u.) into the trachea of newborn cotton rats resulted in prolonged gene expression that was extinguished when a second vector was injected 8-10 weeks later. 18 Repeated exposure to Av1nBg beginning early in gestation not only did not induce tolerance, it was associated with a high incidence of fetal death that was greater than when Av1nBg was administered later in gestation. In the present study, 53% of the fetuses did not survive; in our previous study, 30% of the fetuses died. 4 This frequency of fetal death is greater than the mortality we experienced for other studies performed concurrently (12.5% over 4 weeks of experimentation) that involved implantation of the same type of polyvinyl catheters. It is possible that adenovirus affected cell viability directly. E1, E3-deleted adenovirus vectors inhibit cell proliferation in vitro by promoting apoptosis and slowing the cell cycle 34 and inhibit cell function and precipitate a rapidly developing inflammatory response characterized by infiltrating neutrophils, focal necrosis and edema when injected into the submandibular glands of rats. 35 It is possible that the very young fetuses used in the present were particularly susceptible to the harmful effects of the vectors. The high incidence of mortality may also be related to the Hickman catheter used in group 2 animals (n = 7) that all died in utero. Implantation of this catheter for 16.7 days into dogs and cats is associated with a 13% complication rate. 36 Other factors may also have been responsible for the high mortality. The animals were exposed to anesthesia (group 1) or surgical procedures (fetus 12A) multiple times.
Of particular concern was the fibrotic tissue damage observed in this and a previous study. 4 Administration of Av1nBg stimulated a robust inflammatory response that involved macrophage, neutrophil and lymphocyte migration into the exposed area, much the same as in adult animals. 2, 4, 7 The capacity to mount an inflammatory response develops early in the sheep as phagocytic cells are detectable in the blood and vascular endothelium by 20 days after conception (0.13 term). 37 A single injection of Av1nBg into the amniotic fluid cavity had little effect on lung histology, presumably because relatively few infectious particles reached the lung (Figure 3a) . However, a direct vector injection into the fetal trachea elicited inflammatory and fibrotic responses (Figure 3b ) similar to those we observed in a previous study. 4 The intensity of these responses is likely to be related to the dose of vector administered, although this was not tested directly in the present study. Two fetuses that delivered vaginally following intra-amniotic and intratracheal injections of Av1nBg developed respiratory distress. Radiologic markings in the lung were prominent, and there was evidence of severe tissue damage in a lung biopsy specimen. It appears that prenatal exposure to adenovirus may permanently damage the developing lung. This is consistent with the concept that the premature lung is particularly susceptible to injury and has a limited capacity for repair compared with the adult. Dexamethasone and monocrotaline treatment permanently impair normal alveolar formation when given to neonatal rats during alveolarization. 38, 39 Infants who develop bronchopulmonary dysplasia and survive later have chronic lung damage characterized by more frequent respiratory tract infections, episodes of wheezing, reduced airway function and airway obstruction. 40 Thus, exposure of fetal sheep to adenovirus gene transfer vectors early in development may stimulate untoward inflammatory and immune responses that could have long-term consequences.
Fetal gene therapy represents an important potential application and area of investigation. Fetal gene therapy approaches may prove useful for the treatment of genetic diseases such as surfactant protein B deficiency that are fatal at birth. Diseases such as Tay-Sachs disease, LeschNyhan syndrome, sickle cell anemia and cystic fibrosis have significant morbidity after birth. It would be desirable to treat these diseases early in development, before destructive disease processes cause irreversible damage. It will be necessary to improve our understanding of the development of immune and inflammatory responses, develop better gene therapy vectors and conduct appropriate preclinical studies to ensure the safety and efficacy of fetal gene therapy.
Materials and methods

Adenovirus preparation
The recombinant adenovirus used in this study was the same serotype 5 adenovirus-derived vector, Av1nBg, we used in previous studies. 4, 5 Preparations of Av1nBg were carefully screened and certified free of pathogenic organisms and evaluated for the presence of E1a-containing 'wild-type' virus using quantitative PCR. 41 The level of sensitivity of this detection system is 1 p.f.u. of wild-type virus in 10 8 p.f.u. Av1nBg was administered in doses, shown to be effective in previous studies, 4, 5 as indicated in Figure 1 . As a control we also injected Av1Null (1 × 10 10 p.f.u.), a vector identical to Av1nBg in every respect except lacking an expression cassette.
Animal procedures
All procedures were approved by the Institutional Animal Care and Use Committee at the Children's Hospital Medical Center. A total of 19 fetuses in 12 pregnancies were studied; five were singletons and 14 were twins (Figure 1 ). Animals were studied in three separate groups of pregnant ewes (four per group). The general approach in these studies was to inject Av1nBg into the amniotic cavity several times before an intratracheal challenge. Intra-amniotic injections were administered between 57-60 days and 100-110 days of gestation. At 100-110 days, Av1nBg was instilled into the fetal trachea and responses measured as described below.
Group 1: injection of Av1nBg using ultrasound guidance (Figure 1a) : Animals 1-4 were sedated with intravenous sodium pentobarbital (15-20 mg/kg) and anesthetized with 1-3% halothane in oxygen. The amniotic fluid cavity was visualized using real-time ultrasound (performed by Dr Neil Johnson, Department of Radiology). A needle was directed into the amniotic cavity, and Av1nBg was injected (IA) in the amounts described in Figure 1 . Three of the four fetuses also received a subsequent intratracheal (IT) injection of Av1nBg at 104-108 days gestation. To accomplish this, pregnant ewes were fasted for 24 h, sedated with intravenous sodium pentobarbital (15-20 mg/kg) and anesthetized with 1-3% halothane in oxygen. Polyvinyl catheters were placed into the maternal descending aorta and inferior vena cava, amniotic fluid cavity and fetal ascending aorta, superior vena cava and trachea. Av1nBg was instilled directly into the catheter inserted in the fetal trachea. All surgical incisions were sutured, and the catheters were exteriorized to the ewe's left flank and secured in a pouch. Vascular catheters were filled with heparin saline solution (1000 U/ml) and sealed. Ampicillin (1 g), gentamycin (40 mg), and metronidazole (50 mg) were administered to the ewe and amniotic cavity intraoperatively and daily for 3 days. One fetus (No. 3) delivered vaginally and survived until elective death at 72 days of age. During that time, a fifth and final dose of Av1nBg was administered intratracheally. Serum samples were obtained from fetuses before and after tracheal administration and analyzed for the presence of neutralizing antibody. Other tests on lamb 3 included several chest radiographs (at 3, 37, 44 and 58 days of age) and lung bronchoscopies (performed at 10, 20 and 35 days of age by Dr Carlos Perez of the Division of Pulmonary Medicine). An open-chest lung biopsy was performed by Dr Brad Warner of the Department of Surgery when lamb 3 was 44 days old, and the tissue examined for evidence of gene expression and histopathology.
Group 2: injection of Av1nBg using a subcutaneous port (Figure 1b) : The outcome of the first study indicated that Av1nBg administration or the repeated anesthesia and injection procedures adversely affected fetal well-being. To avoid some of these possible complications, a second group of four animals (fetuses 5-8) was studied. A subcutaneous port was placed in the ewe's flank (Hickman subcutaneous catheter, Bard Access Systems, Salt Lake City, UT, USA) under sterile conditions. It was connected to a catheter that had its free end placed in the amniotic cavity. Av1nBg (fetuses 5A, 6, 7A and 8A) or saline (fetuses 5B, 7B and 8B) was injected repeatedly into the port at the indicated times until fetal demise or surgical implantation of vascular and tracheal catheters as described for group 1.
Group 3: direct injection of Av1nBg into the amniotic cavity ( Figure 1c ): The outcome of the first two studies indicated that early exposure to Av1nBg or the presence of the Hickman port adversely affected the fetus. To determine whether the mechanism of early fetal demise could be detected histologically, Av1nBg was instilled directly into the amniotic cavity at the time of surgery in fetuses 9-12. Fetuses were electively killed at the indicated times. One of these fetuses also had catheters implanted into the trachea, carotid artery and superior vena cava and received one intratracheal dose of Av1nBg at 114 days' gestation.
Group 4: administration of Av1Null: To address the possibility that expression of bacterial ␤-galactosidase stimulated cellular or humoral immune responses, we administered Av1Null, a replication-deficit adenoviral vector that lacks an expression cassette, to three fetal sheep at 55-57 days gestational age. Virus was administered intra-operatively into the amniotic cavity in amounts of 1 × 10 10 p.f.u.
Animal monitoring: When vascular catheters were implanted, fetal arterial pH, PO 2 , PCO 2 , hemoglobin concentration and blood oxygen saturation (model 170 blood gas analyzer, Ciba Corning Diagnostics, Medfield, MA, USA; Hemoximeter model OSM2, Radiometer, West Lake, OH, USA) were determined daily. Lung fluid was collected before and after Av1nBg injection in fetuses with tracheal catheters. At least 5 ml of lung fluid (several times the catheter dead space volume) was collected gravimetrically from the tracheal catheter and discarded. Two additional milliliters of lung fluid were then collected and stored on ice until analysis was performed.
Analytical procedures
When possible, fetal tissues (esophagus, stomach, intestine, liver, spleen, trachea, lung, thymus, ovary, kidney, skin and amniotic membranes) were dissected immediately after death and fixed (4% paraformaldehyde in 0.1 m phosphate-buffered saline, pH 7.4). Using procedures described previously, tissues were analyzed for endogenous and nuclear ␤-galactosidase activity. 4 Additional tissue sections were stained with hematoxylin and eosin and examined blindly for evidence of histopathology by a clinical pathologist. Total cell count per milliliter of lung fluid was measured, and specific cell types were identified as described previously. 4 Maternal and fetal sera were collected before and after intratracheal Av1nBg injection to determine whether adenovirus administration stimulated the production of specific antibodies. Serum neutralizing antibody titers against wildtype adenovirus were measured using an in vitro assay. 42 To explore the possibility that wild-type adenovirus, a possible contaminant of the adenoviral vector preparation, proliferated in the fetal sheep and contributed to fetal demise, samples of fetal tissue, blood and amniotic fluid from fetuses 9A and B, 10A and B, 11A and B and the fetuses that received Av1Null were assayed. Each fluid sample and supernatant from tissue homogenates were serially diluted and incubated with confluent cultures of A549 cells for 6 days at 37°C. Evidence of cytopathic effect was visualized using crystal violet.
